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PREFACE 

This  Naval  Research  Laboratory  report  consists  of  the  fol¬ 
lowing  two  Research  and  Development  Reports  written  by  H.V.  Knudson 
of  the  Hollingsworth  and  Vose  Company,  East  Walpole,  Massachusetts, 
on  Navy  Contract  N7-ONR-430. 

"Research  and  Mill  Trial  on  the  Development 
of  a  Domestic  Subs t i tute  f or Espa r to  Fiber  in 
the  Navy  Type  H-60  Filter  Paper  ,”  Third  Quar¬ 
terly  Period  of  Contract  N7-ONR-430,  referred 
to  as  the  N-9  Trinl. 

"{Research  and  Mill  Trial  on  the  Development 
of  a  Domestic  Substitute  for  Esparto  Fiber  in 
the  Navy  Type  H-60  Filter  Paper,”  Fourth 
Quarterly  Period  ofContract  N7-ONR-430,  re¬ 
ferred  to  as  the  N-10  Trial. 

This  report  concludes  the  work  on  the  first  year  of  the  con¬ 
tract.  Filter  paper  studies  are  being  cont inued  by  the  Hollingsworth 
and  Vose  Company  under  a  renewal  of  the  contract.  Additional  re¬ 
ports  will  be  published  when  received. 
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ABSTRACT 


Two  mill  runa  (N-9  andN>10  trials)  and  the  associated 
laboratory  research  work  are  described  under  the  general 
program  for  making  an  improved  type  of  Navy  H*A0  filter 
paper . 


The  N-9  trial  la  concerned  eaaentially  with  the  opti¬ 
mum  physical  and  chemical  conditions  for  causticislng  the 
viscose  furnish,  a  great  part  of  this  laboratory  study 
being  concerned  with  the  type  and  degree  of  washing  that 
may  produce  a  satisfactory  product.  It  is  demonstrated 
that  a  hydropulper,  a  piece  of  equipment  commonly  found 
in  paper  mills  to  defiber  paper  stock,  will  materially  aid 
in  the  c aua t ic iaa t ion  procedure.  Operating  conditions 
such  as  temperature,  caustic  concentration,  and  degree  of 
agitation  are  extremely  important  when  causticislng  stock 
in  this  equipment. 

The  N-10  trial  la  concerned  essentially  with  a  study 
of  the  effect  of  blending  causticlsed  rope  fibers  with 
causticised  rayon.  Upon  substituting  50  percent  of  the 
rayon  with  the  causticised  rope,  there  resulted  a  paper 
with  markedly  Improved  handling  properties  and  with  only  a 
small  decrease  In  efficiency. 

PROBLEM  STATUS 

This  is  an  Interim  report  on  this  problem;  work  is 
continuing. 


AUTHORIZATION 
NRL  Problem  C04-28R. 
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RESEARCH  AND  MILL  TRIAL  ON  THE  DEVELOPMENT  OF 
A  DOMESTIC  SUBSTITUTE  FOR  ESPARTO  FIBER 
IN  THE  NAVY  TYPE  K-60  FILTER  PAPER 

<N-9) 


INTRODUCTION 


Thit  report  it  a  tumnary  of  the  work  done  for  the  third  quarterly 
period  of  Contract  N7«ONR«430  (January  1,  1948  to  March  31,  1948).  A 
atatemeiit  of  the  general  objeetivea  and  an  outline  of  prevloua  work  ac> 
compllthed  are  contained  in  past  reporta  of  thia  teriet.* 

The  mill  trial  reported  hete  ia  deaignated  aa  the  N«9  trial,  H  (k  V 
Lot  No.  315,  dated  February  10,  1948. 

Reference  to  the  N'7  and  N>8  triala  (NRL  Report  C*3299)  will  ahow  that  cauaticiaed 
vlacoae  not  only  aervea  aa  an  excellent  aubatltute  for  eaparto  in  type  H>60 
filter' paper  but  promiaea  to  lead  to  a  new  and  very  auperior  filter  material. 
From  the  N>8  mill  trial,  it  waa  learned  that  vlacoae  could  be  cauaticiaed  in 


*  H.W.  Knudaon,  ‘^Filter  Paper  Studiea  I.  Effect  of  Replacing  Eaparto  with 
Yucca  Fiber,"  NRL  Report  C*3172,  September  1947. 

H.W.  Knudaon  and  S.  J.  Paaternak,  “Filter  Paper  Studiea  II.  Effect  of 
Replacing  Eaparto  with  Wood  Pulp  Fiber,"  NRL  Report  C*3225,  January  1948. 

H.W.  Knudaon  and  S.  J.  Paaternak,  “Filter  Paper  Studiea  III.  Effect  of 
pH  and  Added  Electrolytea,"  NRL  Report  C>3226,  Januarv  1948. 

H.W.  Knudaon  and  8.  J.  Paaternak,  "Filter  Paper  Studiea  IV.  Effect  of 
Replacing  Eaparto  with  Vlacoae  Rayon  Fiber,"  NRL  Report  C-3299,  June  10, 
>48. 
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the  beater  with  considerably  less  difficulty  than  in  the  rotary  boiler.  How* 
evert  both  these  pieces  of  equipment  leave  something  to  be  desired  in  the 
handling  and  treating  of  viscose  stock. 

From  the  past  two  mill  trials  it  was  found  that  there  existed  at  tiroes 
a  considerable  difference  between  viscose  causticlxed  in  the  laboratory  and 
that  causticized  in  the  mill.  It  was  felt  that  a  more  detailed  study  should 
be  undertaken  to  explain  these  differences. 

It  was  also  recognized  from  the  earlier  mill  trials  that  all  of  the 
caustic  roust  be  removed  from  the  treated  fibers  before  satisfactory  paper 
could  be  made.  Since  this  required  a  rather  long  and  involved  procedure,  a 
second  object  of  this  study  was  the  investigation  of  the  effect  of  acid 
neutralization  in  an  attempt  to  shorten  the  washing  time. 

Commercially  available  cut  rayon  flock  contains  a  great  many  fiber 
bundles  which  remain  unopened  after  going  through  the  flock  cutting  machinery. 
The  fibers  in  these  bundles  are  held  together  very  loosely,  but  these  bundles 
have  been  the  source  of  trouble  in  the  causticizing  process.  When  furnished 
to  the  beater  in  a  caustic  solution,  these  fibers  tend  to  fuse  together  still 
more  and  give  rise  to  “fiber  pills”  in  the  finished  paper,  resulting  in  a 
somewhat  reduced  filtering  efficiency.  A  third  object  of  this  study,  there¬ 
fore,  was  to  eliminate  these  “fiber  pills**  from  the  finished  paper. 

LABORATORY  WORK 

Repeated  laboratory  causticizing  with  8  percent  sodium  hydroxide  at  a 
rayon  consistency  of  4  percent  resulted  in  excellent  fiber  which  when  felted 
with  asbestos  produced  a  filter  material  having  a  high  efficiency.  It  was 
felt  that  the  laboratory  procedure  produced  uniformly  satisfactory  results 
and  that  the  difficulties  experienced  in  mill  practice  were  due  to  deviations 
from  this  practice.  A  careful  review  of  the  laboratory  procedure  showed  that 
equally  good  results  could  be  obtained  by  causticizing  either  in  the  labora¬ 
tory  beoter  or  in  the  Waring  B’  ndor,  provided  that  other  fac..ors  were  con¬ 
trolled.  A  preferred  method  is  the  treatment  of  the  rayon  flock  with  8  per¬ 
cent  caustic  at  4  percent  consistency  in  a  Waring  Blendor  for  15-30  seconds, 
after  which  the  stock  is  poured  into  three  times  its  volume  of  water  for 
quenching.  The  resulting  fiber  is  collected  on  a  wire  screen  and  thoroughly 
washed  by  repeatedly  diluting  and  dewatering  on  a  wire  screen.  It  was 
further  observed  that  if  the  agitation  in  the  Blendor  was  continued  for  a 
much  longer  period  of  time  (3-5  minutes),  the  fibers  tended  to  gelatinize 
too  much  and  the  washing  became  much  more  difficult  if  not  almost  impossible. 
The  same  general  observations  were  made  with  stock  treated  in  the  laboratory 
beater,  although  the  time  intervals  were  longer  due  to  the  less  drastic  or 
different  type  of  agitation. 

Nonflbrous  Rayon 

The  above  facts  led  to  ■  microscopic  study  of  the  fiber  slurries  at  the 
different  phases  of  this  study.  In  all  cases  where  the  stock  had  been  diluted 
with  water,  it  was  observed  that  the  fibers  were  surrounded  with  varying 
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amounts  of  “regenerated"  nonfibroua  flakea  and  agglomeretea  of  iriacoae.  In 
general  there  was  a  greater  quantity  of  thia  nonfibroua  material  and  the 
agglomerates  ware  larger  when  the  cauaticiaing  period  was  long  and  the  aglta* 
tion  waa  vigoroua.  It  was  reasoned  that  the  caustic  partially  dissolves  or, 
at  least,  softens  the  outside  portion  of  the  fiber,  and  with  continued  high 
agitation,  particularly  under  a  beater  roll,  this  soft  portion  is  rubbed  off 
or  dissolved.  Upon  dilution  this  portion  of  the  viscose  reappears  in  non*  ' 
fibrous  form.  Whereas  washing  to  approximate  neutrality  had  previously  been 
taken  as  the  Itidex  to  complete  washing,  it  waa  demonstrated  in  these  studies 
that  stocks  containing  a  large  proportion  of  nonfibrout.  material  could  be 
washed  to  neutrality  long  before  all  the  nonfibroua  mater?  .  was  removed. 

It  then  became  necessary  to  show  that  the  presence  of  this  nonfibroua 
material  waa  objectionable  or  that  it  accounted  in  some  degree  for  the  dif> 
ference  between  filter  paper  made  in  the  laboratory  and  that  made  Jn  the 
mill.  This  could  not  be  demonstrated  completely  until  the  time  of  the  mill 
trial,  but  the  effect  of  leaving  varying  amounts  of  thia  nonfibroua  cellulosic 
material  in  handsheeta  waa  observed.  With  increasing  amounts  of  this  material 
left  in  the  stock,  standard  handsheets  showed  increasing  tensile  strength  and 
air  resistance,  and  decreasing  efficiencies.  Very  poorly  washed  stock  re* 
suited  in  handsheets  that  were  very  harsh  and  almost  brittle.  It  is  postulated 
that  this  nonfibroua  component  cements  the  fibers  together  to  show  increased 
tensiles  and  at  the  same  time  plugs  up  some  of  the  interstices  to  show  a  high 
air  ■  resi stance  and  low  efficiency. 

It  is  evident  from  this  preliminary  work  that  the  stock  prepared  in  the 
mill  would  have  to  be  washed  as  free  as  possible  from  this  undesirable  material 
to  match  the  performance  of  laboratory*treated  stock.  It  was  also  demonstrated 
that  washing  the  treated  stock  free  of  caustic  to  a  neutral  pH  was  not  an  ade¬ 
quate  index  of  complete  washing.  Some  other  control  such  as  a  microscopic 
examination  or  the  air  resistance  of  a  standard  viscose  handsheet  would  be 
better. 

Acid  Washing 

Considerable  attention  was  given  to  the  problem  of  washing  the  caustic 
out  of  the  treated  stock,  because  this  step  was  very  time  consuming  in  the 
mill  beaters.  It  will  be  remembered  from  the  N-8  mill  trial  that  the  treated 
and  diluted  stock  was  machined  over  the  Fourdrinier  wire  and  removed  as  wet- 
lap.  This  process  removed  a  large  proportion  of  the  caustic,  but  the  wet-lap 
still  had  to  be  washed  for  a  considerable  time  after  being  returned  to  the 
beater.  It  was  felt  that  this  wet-lap  could  be  furnished  to  a  weakly  acidified 
beater  of  water  in  order  to  reduce  the  washing  time  necessary  for  caustic 
e 1 Imlnat ion. 

For  the  purpose  of  determining  the  effect  of  acid  neutralisation,  if  any, 
on  the  finished  filter  paper,  three  laboratory  trials  were  made.  The  following 
viscose  furnish  was  used  in  each  caset 

75% - 1.5  denier  -  1/8”  long 

25% - 1.5  denier  -  1 ''4"  long 
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Trial  No.  1 

The  laboratory  beater  was  filled  with  an  8  percent  caustic  solution 
and  furnished  with  the  viscose  flock  to  about  4  percent  consistency.  With 
the  beater  roll  raised,  the  stock  was  circulated  for  approximately  15  min¬ 
utes.  The  fiber  was  then  quenched  by  pouring  the  beater  charge  into  three 
times  its  volume  of  water.  The  stock  was  then  thoroughly  washed  on  a  wire 
screen  with  large  volumes  of  water. 

Trial  No.  2 


The  viscose  was  cajsticlxed  and  q.enched  in  water  as  in  Trial  No.  1 
and  was  then  collected  on  a  wire  screen  and  formed  into  wet-lap.  This  lap 
was  added  to  a  weak  acid  solution  (HCl)  such  that  a  .eutral  solution  result¬ 
ed.  The  stock  was  then  was!  ed  free  of  salt. 

Trial  No  3 


The  stock  was  treated  the  same  as  in  Trial  No.  2  except  that  an  excess 
of  acid  was  used  and  then  the  fiber  was  washed  free  of  the  acid  and  salt. 


Effect  of  Acid-Washed  Viscose  on  Filter  Characteristics 


To  analyse  effects  of  the  different  washing  procedures  on  the  paper 
characteristics,  the  following  filters  were  made  from  Blue  Bolivian  asbestos 
and  the  washed  viscose  for  a  series  of  tests. 


Sample  1  ---  25%  B.B.  Asbestos  ♦ 
Sample  2  ---  25%  B.B.  Asbestos  ♦ 
Sample  3  ---  25%  B.B.  Asbestos  * 


75%  Viscose  of  Trial  No.  1 
75%  Viscose  of  Trial  No.  2 
75%  Viscose  of  Trial  No.  3 


Physical  Tests 


Typical  physical  data  are  recorded  below. 


Sample 

1 

2 

3 


Tensile  (Unpressed) 
Ib./inch®  13U  lb.  R.rf. 

1  .8 
1.7 
l.K 


From  the  above  data  it  appears  that  there  exists  no  appreciable  dif* 
ference  in  the  tensile  strengths  of  the  filters  made  from  the  viscose  treated 
as  indicated.  It  should  be  noted  that  the  recorded  tcnsiles  are  for  hand- 
sheets  that  were  not  wet  pressed  hence  are  lower  than  the  tensiles  that  might 
be  expected  from  a  machine  made  paper. 

Filtration  Tes ts 


Table  I  is  a  summary  of  typical  smoke  filtration  performance  of  the 
filters. 
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TABLE  I 

Performance  Data  of  Papers  Made 
from  Acid-Washed  Viscose 


Sample 

OOP 

Penetration 

(%'^ 

Resistance* 
(mm  H2O) 

Efficiency^ 

(») 

1 

.001 

127 

3.94 

2 

.003 

115 

3.73 

3 

.004 

112 

3.73 

*Measured  by  NRL  Smoke  Penetration  Meter  E2 ,  E2R1, 
or  E3 .  For  operating  instructions  aee  NRL  In¬ 
struction  Manual  A  825A,  “Instructions  for  Canister 
Tests,  Part  II  Fi 1 ters . Sect  ion  A,  Smoke  Penetration," 
13  July  1945. 

♦  -log  P 

Percent  efficiency  =  '  ■■  ^ -  x  100,  where  P  is  the 

DOP  penetration  expressed  in  decimals  rather  than 
percent,  and  R  is  the  resistance  across  the  sample 
in  mm  of  water  under  the  standard  conditions  of  test. 


Apparently  there  is  no  noticeable  difference  in  the  smoke  filtration 
efficiency  between  the  above  samples. 

“BreaV'Tests 


Following  is  a  summary  of  "break"  data  on  these  samples.  It  appears 
that  all  samoles  exhibited  good  resistance  to  “break." 

TABLE  II 


Effect  of  DOP  Exposure  on  Performance 


Sample 

Property  Measured 

Time  in  Minutes 

[— r- 

5 

1 

Resistance  (mm  H2O) 

113 

114 

il4 

115 

DOP  Penetration  (%) 

.005 

.006 

.006 

.006 

2 

Resistance  (mm  H2O) 

117 

117 

118 

118 

DOP  Penetration  (%) 

.004 

.003 

.004 

.004 

3 

Resistance  (mm  H2O) 

113 

114 

115 

115 

DOP  Penetration  (%) 

.  005 

.006 

.005 

.006 

SECRET 


6 


V 


c 


SECRET 


Performance  vs  Flow  Rate 


Table  III  is  a  summary  of  performance  rates  of  85f  42ii,  and  21M  liters 
per  minute.  It  is  evident  that  in  all  cases,  good  asbestos  distribution  and 
mechanical  perfection  were  obtained. 


TABLE  III 

Performance  vs  Flow  Rate 


Flow 

Rate 

8  5 1/m 

42k> 

1/m 

21K  1/m 

Sample 

Res 

(mm  HjO) 

DOP  Pen 

(%) 

Res 

(D,m  H^O) 

DOP  Pen 

(%•) 

Res 

(mm  H2O) 

DOP  Pen 

(*) 

1 

118 

.003 

59 

.001 

30 

.000 

2 

118 

.003 

59 

.001 

30 

.000 

3 

112 

.004 

56 

.002 

28 

.001 

Discussion  of  Acid  Washing 

From  the  preceding  data  it  would  appear  that  neutralization  of  the 
caustic  in  the  stock  during  final  washing  could  be  accomplished  by  the  ad> 
ditlon  of  dilute  acid  (HCl)  without  any  appreciable  effect  on  performance. 
However,  it  is  known  that  if  any  residual  acid  remains  in  the  sheet,  the 
viscose  fiber  will  be  tenderized  when  heated  or  aged. 

It  should  also  be  noted  that  laboratory  work  done  by  A.D.  Little,  Inc. 
subsequent  to  the  N*9  mill  trial  revealed  other  variables  which  might  be  in« 
troduced  by  the  acid  treatment.  Only  a  preliminary  statement  can  be  made  at 
this  time.  ‘Based  on  microscopic  observations,  they  report  some  evidence  that 
when  the  wet*lap  is  put  into  a  dilute  acid  solution  the  nonfibrous  portion 
tends  to  agglomerate  to  larger  particles  which  are  less  easily  washed  out  of 
the  stock  than  the  finer  dispersion  of  the  same  material.  They  also  report 
some  evidence  that  the  extent  of  the  crinkle  in  the  fiber  is  lessened  by  the 
acid  treatment.  If  the  acid  treatment  continues  to  show  processing  advantages, 
the  deleterious  effects  of  agglomerates  and  crinkle  should  be  investigated 
further . 

Fiber  Pills 

As  mentioned  earlier  in  this  discussion,  some  concern  has  been  expressed 
over  the  formation  of  “fiber  pills”  in  the  viscose  stock.  The  obvious 
solution  to  the  elimination  of  these  “fiber  pills”  would  be  to  eliminate  the 
fiber  bundles  in  the  rayon  flock  before  the  caustic  treatment.  On  a  labors* 
tory  scale  this  was  accomplished  by  repeatedly  passing  the  fiber  through  a 
T'scuum  cleaner  and  collecting  the  flock  in  the  filter  bag.  Handsheets  made 
in  the  laboratory  from  this  flock  showed  the  presence  of  no  ‘tiber  pills.” 
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However t  no  blower  equipnent  of  this  design  wee  available  for  mill  work,  ao 
it  waa  impoaalble  to  completely  eliminate  the  "fiber  pills"  in  the  N*9  trial. 
In  consultation  with  the  flock  cutters,  it  was  learned  that  they  might  pos» 
sibly  "blow"  the  flock,  but  it  waa  repreaented  to  be  an  operation  which 
would  materially  add  to  the  coat. 

Subsequent  to  the  N-9  trial,  more  time  was  spent  in  the  laboratory  on 
this  problem.  The  agitation  of  a  Waring  Blendor  seemed  better  suited  for 
this  purpose  than  a  beater,  eo  attention  was  centered  on  this  apparatus. 

These  studies  lead  to  the  belief  that  the  "fiber  pilla”  could  be  eliminated 
by  the  careful  adjustment  of  caustic  concentration  and  temperature  when 
agitated  by  a  Waring  Blendor  or  similar  equipment.  The  optimum  caustic  con* 
centration  for  this  type  of  agitation  seemed  to  be  closer  to  7.0  percent 
NaOH  than  the  8.0  percent  commonly  used  in  the  beater.  Moreover,  the  in¬ 
fluence  of  temperature  seemed  to  be  much  more  critical  than  had  beeh.  ob¬ 
served  previously  in  the  beater.  The  optimum  temperature  seemed  to ' be 
between  60°  and  70°F.  probably  65°F.  In  addition  to  controlling  the  extent 
of  the  "fiber  pills,"  it  seemed  possible  to  more  accurately  control  the 
causticising  treatment. 

Hydrapulper 

The  advantages  of  agitation  produced  by  the  Waring  Blendor  suggested 
the  use  of  the  hydrapulper.  a  piece  of  equipment  commonly  found  in  paper 
mills  for  defibering  paper  stock.  Being  similar  to  a  Waring  Blendor,  the 
hydrapulper  can  substitute  for  the  beater  in  the  causticising  treatment  on 
a  commercial  scale.  The  only  hydrapulper  available  at  this  company  is  much 
too  large  for  the  limited  amount  of  rayon  fiber  available  for  this  study, 
so  arrangements  were  made  at  the  Dilts  Machine  Works,  Fulton,  New  York  to 
use  their  semi -commercial  unit  (four  feet  in  diameter).  Three  teparate 
trials  were  Conducted  in  this  small  hydrapulper  by  a  representative  of 
Hollingsworth  and  Vose  Company  working  with  a  representative  of  A.D.  Little, 
Inc. 


From  preliminary  studies  in  the  Waring  Blendor,  the  following  three 
conditions  were  chosen  for  the  hydrapulper  trials. 


TABLE  IV 


Causticising  Treatments  in  Hydrapulper 


Trial 

Rayon  Flock 
(lb) 

Consistency 

(%) 

Concentration  of 
Caustic  Solution 
(%) 

Temperature 

(°F) 

Time 

(min) 

No.  1 

36 

4 

7.0 

55 

2 

No,  2 

36 

4 

7.0 

65 

2 

No.  3 

36 

4 

7.0 

70 

a 
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It  will  be  observed  that  the  temperature  was  varied  from  55®F  to  70®r 
while  all  other  conditions  were  held  constant.  At  the  end  of  the  two>minute 
agitation  in  each  case,  the  entire  charge  was  dumped  into  three  times  its 
volume  of  water  for  quenching.  Samples  of  the  fibers  were  collected  and 
washed  before  being  returned  to  this  laboratory  for  examination.  Samples 
from  Trial  No.  1  were  difficult  to  wash  free  from  regenerated  viscose  ag> 
glomeratec;  those  from  No.  2  and  No.  3  washed  much  easier.  Handsheets  made 
from  each  of  these  three  trials  showed  a  progressive  difference.  Those 
made  from  No.  1  revealed  a  generous  amount  of  "fiber  pills!*  the  fiber  was 
well  crinkled,  the  sheets  were  somewhat  harsh,  and  the  air  resistance  was 
quite  high.  Those  made  from  No.  2  revealed  no  "fiber  pills,”  the  fiber  was 
well  crinkled,  the  sheets  were  soft,  and  the  air  resistance  was  low.  Those 
made  from  No.  3  revealed  no  “fiber  pills,*’  the  fiber  was  poorly  crinkled, 
the  sheets  were  very  soft  and  had  little  mechanical  strength,  and  the  air 
resistance  was  likewise  low. 

These  studies  were  very  Informative  and  suggested  the  use  of  a  hydra- 
pulper  instead  of  a  beater  for  this  process.  With  violent  agitation  in  the 
hydrapulper,  careful  control  over  temperature,  caustic  concentration,  and 
time  seem  to  be  imperative.  At  the  present,  4  percent  fiber  consistency, 

7.0  percent  caustic  solution,  65®F,  and  7  minutes  agitation  seem  to  be 
optimum  conditions  for  ooeration  in  a  hydrapulper. 

If  further  trials  in  the  beater  fail  to  offer  the  same  advantages  as 
those  of  the  hydrapulper,  serious  consideration  should  be  given  to  the 
use  of  a  hydrapulper  of  proper  sixe  and  design. 

THE  MILL  RUN 
Furnish 

On  the  basis  of  the  above  experimental  data,  it  was  decided  to  make 
a  machine  run  with  a  furnish  of; 

25%  Blue  Bolivian  asbestos 
75%  Caustlcised  viscose  flock 

75  parts  of  1.5  denier  •  1/8*  long 
25  parts  of  1.5  denier  •  1/4*  long 

The  viscose  would  be  caustlcised  in  a  beater  at  an  8  percent  caustic 
concentration  and  a  viscose  consistency  of  4  percent.  This  slurry  would  be 
diluted  3:1  in  water  and  run  over  the  Fourdrinler  wire  to  be  removed  as  wet- 
lap.  The  Icp  would  be  returned  to  the  beater  for  an  acid  (HCl)  wash. 

Preparation  of  Stock  for  Mill  Trial 

A  predetermined  amount  of  8  percent  caustic  solution  (NaOH)  was  made 
up  in  the  beater  and  375  pounds  of  1.5  denier  •  1/8  inch  flock  and  125 
pounds  of  1.5  denier  -  1/4  inch  flock  were  added  to  the  beater  just  in  front 
of  the  rotating  roll,  which  was  in  the  raised  position  throughout  the  entire 
operation.  The  resulting  consistency  was  approximately  4  percent.  The  stock 
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was  circulated  and  samples  were  taken  periodically.  After  30  minutes  the 
fiber  was'’  causticiaed  to  the  proper  decree.  The  caustic  mass  was  dropped 
with  agitation  into  (hree  times  its  volume  of  water  in  the  beater  chest. 

To  remove  the  caustic,  the  slurry  was  sent  over  the  Fourdrinier  wire 
and  was  removed  as  wet'lap.  At  this  point  the  lap  was  returned  to  the  beft,e,t.  ,., 
with  a  total  of  90  pounds  of  muriatic  acid  (31  percent  IK^l).  i-j,. 

■  i  •  •  •  f;  f 

Following  is  a  summary  of  the  washing  data; 

TABLE  V 


Summary  of  Washing  Procedure 


T.’  ^e 

pH 

Resistance  9 
. 035  ”  thickness 
(mm  HjO) 

Remarks 

7:30 

10.0 

23 

Start  of  washing 

after  first  ncid  addition 

8:00 

10.5 

23 

8;  30 

10.5 

11 

9:00 

2.8 

8 

Second  acid  addition 

9:  30 

4.2 

8 

10:00 

5.5 

714 

10:  30 

6.0 

4 

11:00 

6.0 

4 

Dropped  beatar 

From  the  above  data  it  appears  that  after  causticising  and  at  a  high 
pH(  the  fibers  do  not  felt  Into  a  porous  pad  as  indicated  by  the  initial 
resistance  of  23  mm.  That  thia  resistance  was  not  entirely  a  function  of 
pH  is  shown  by  the  fact  that  after  the  pH  was  changed  from  10.5  to  2.8, 

•the  resistance  decreased  only  slightly  probably  In  direct  proportion  to  the 
washing.  When  the  wash  water  was  examined  it  was  found  to  contain  small, 
nonfibrous  globules  of  regenerated  vlacose.  Evidently  during  causticising 
some  viscose  is  dissolved  or  torn  from  the  fibers  and  reappears  with 
dilution.  Washing  was  continued  until  the  major  portion  of  these  globules 
of  viscose  were  removed  as  indicated  by  the  tinal  resistance  and  examination 
under  the  microscope.  Prior  to  dropping  the  beater,  the  wash  was  examined 
and  only  a  negligible  amount  of  these  globules  was  found. 

The  yield  of  causticised  fiber  was  approximately  300  pounds  (about  60 
percent).  In  actual  production  this  yield  may  be  increased  somewhat  with 
an  increase  in  amount  treated,  since  there  is  a  certain  minimum  loss  for 
a  given  quantity  of  fiber  treated  in  this  manner,  and  naturally  this  per¬ 
centage  loss  would  be  smaller  the  larger  the  starting  batch. 
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Manufacturing  Data 

After  washing,  the  cauaticized  viscose  was  dropped  to  the  beater  chest. 
The  beater  was  furnished  with  54  pounds  of  Blue  Bolivian  asbestos  which  was 
given  a  hard  beat  for  approximately  30  minutes  after  which  it  was  well  de> 
fibered.  The  asbestos  was  dropped  into  the  beater  chest  and  thoroughly 
mixed  with  the  viscose. 

The  resulting  furnish  consisted  of: 

300  lb  Cauaticized  viscose  85% 

54  lb  Blue  Bolivian  asbestos  15% 

354  lb  ion* 

The  stock  was  “backed-up”  in  the  Jordan  (sent  through  under  pressure 
with  the  Jordan  plug  backed  off)  to  obtain  thorough  mixing  and  was  sent  to 
the  machine  to  be  felted  into  paper.  Approximately  10  percent  more  asbestos 
was  added  to  the  stock  from  the  auxiliary  asbestos  feed  line  as  the  stock 
was  fed  to  the  Fourdrlnier. 

The  calender  stack  was  set  up  so  that  one  light  roll  could  be  used  to 
soften  up  the  sheet.  No  great  difficulty  was  experienced  in  the  formation 
and  handling  of  this  paper  over  the  machine  once  the  machine  was  set  up  to 
allow  for  the  high  shrinkage  of  the  sheet  during  drying. 

Performance  of  the  Paper 

Average  values  of  physical  tests  of  this  paper  are  recorded  below. 
Allowance  should  be  made  for  possible  inaccuracy  in  these  low  ranges  of 
tensile  strength. 


Caliper  ---•  0.032  in. 
Ream  weight-  124  lb 
Tensile  (length)  3  lb 
Moisture  ----•-•-3.6% 


A  record  of  the  smoke  filtration  performance  of  the  paper  is  tabulated 
in  Table  VI. 

This  data  Indicates  the  performance  of  a  very  good  filter  paper. 

Though  the  efficiencies  recorded  in  T«ble  VI  are  not  exceptionally  high,  they  are 
well  within  the  range  set  by  the  past  causticized  viscose  furnishes. 

Effect  of  DOP  Exposure 

Table  VII  shows  the  effect  of  DOP  exposure  on  smoke  penetration.  The 
rate  of  "break"  was  exceptionally  slow  and  entirely  satisfactory. 
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TABLE  VI 


Performance  Data  of  Mill  Run  Samples 


Sample 

Resistance 
(mm  HjO) 

DOP  ! 

Penetration 

(») 

Ef  f iciency 
(*) 

Comment 

1 

90 

.075 

3.47 

1  Nip 

2 

95 

.045 

3.53 

3 

92 

.055 

3. 54 

4 

100 

.022 

3.66 

Added 

Asbestos 

5 

101 

.024 

3.58 

6 

92 

.054 

3.  56 

7 

98 

.020 

3.78 

1  Nip 

8 

97 

.022 

3.77 

9 

96 

.040 

3.59 

I 


TABLE  VII 

Effect  of  DOP  Exposure  on  Performance  of  N*9  Trial  Sample 


DOP 


Time  of  Exposure 


Resistance 


Penetration 


(Min) 


(mm  R^O) 


(») 


0 

1 

3 

5 


99 

99 

100 

100 


049 

044 

044 

045 


Performance  vs  Flow  Rate 

Following  is  a  summary  of  performance  va  flow  rate  for  this  paper. 


TABLE  VIII 


Performance  vs  Flow  Rate  of  N*9  Trial  Sample 


Flow  Rate 
<  1/m) 

Resistance 
(mm  H2O) 

DOP 

Penetration 

(») 

85 

103 

.042 

42M 

52 

.028 

21W 

26 

.011 

SSTBST 
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The  above  data  «how  a  normal  decreaae  in  penetration  with  flow  rate 
which  indicates  that  good  formation,  good  asbestos  distribution,  and  no  pin 
holes  were  realised  in  this  paper. 

Relaxation  with  Aging 

The  possibility  of  relaxation  with  aging>*inoreased  penetration  ac> 
companied  by  small  decreases  in  resiatance>-was  checked  and  typical  results 
are  recorded  in  Table  IX.  No  relaxation  was  observed  after  aging  for  30 
days . 


TABLE  IX 

Effect  of  Aging  on  Performance  of  N>9  Trial  Sample 


Interval  After 
Manufacture 

Resistance 
(mm  H2O) 

DOP 

Penetrat ion 

(*) 

None  (sample  A) 

93 

.045 

None  (sample  B) 

96 

.050 

30  days  (sample  A) 

93 

.044 

30  days  (sample  B) 

96 

.045 

DISCUSSION 

It  will  be  recognised  that  it  is  not  always  possible  in  a  mill  trial 
to  duplicate  the  optimum  conditions  as  indicated  by  work  in  the  laboratory, 
however,  it  is  believed  that  a  closer  approach  was  made  to  these  conditions 
in  the  N*9  trial  than  in  any  other  trial  using  the  viscose  furnish. 

Several  important  variables  such  as  concentration  of  caustic  tempera* 
ture  and  agitation  in  the  caustlcixing  treatment  and  acid  washing  were  studied 
during  this  period.  At  this  time  it  is  not  possible  to  state  whether  or  not 
present  mill  equipment  on  hand  is  adequate  to  control  these  variables.  In 
the  meantime  an  effort  la  being  made  to  investigate  the  advantages  of  other 
standard,  equipment  which  might  be  better  suited  for  the  purpose. 

It  should  be  pointed  out  at  this  time  that  arrangements  have  been  made 
by  A.D.  Little,  Inc.  to  Install  a  rental  unit  of  an  Oliver  vacuum  filter  at 
Hollingsworth  8i  Voae  for  the  purpose  of  learning  if  equipment  of  this  type 
Is  better  suited  for  washing  the  stock  than  present  methods. 

eee 
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RESEARCH  AND  MILL  TRIAL  ON  THE  DEVELOPMENT  OF 
A  DOMESTIC  SUBSTITUTE  FOR  ESPARTO  FIBER 
IN  THE  NAVY  TYPE  H-80  FILTER  PAPER 

(r-lO) 


INTRODUCTION 

This  report  la  a  aummary  of  the  work  dona  for  tha  fourth  quarterly 
period  of  Contract  N«7>ONR*430  (April  1,  1948  to  June  SO,  1948).  A  atate* 
ment  of  the  general  objeetlvea  and  an  outline  of  pravloua  work  accompllahed 
are  contained  In  paat  reporta  of  thla  aarlea. 

The  mill  trial  reported  here  la  dealgnated  aa  the  N>10  trial,  H  k  V 
Lot  No.  518,  dated  July  8,  1948. 

Reference  to  the  N>7  and  N'S  and  to  the  N-9  trial  (flrat  part  of  thla 
report)  will  ahow  that  gaa  maak  filter  papera  made  in  part  from  a  oauatlclaed 
viacoae  rayon  furnlah  have  higher  filtering  effloienelea  than  papera  made 
from  any  other  fiber  furtiiahea  yet  tried.  However,  a  number  of  dlfflcultlea 
in  handling  thla  kind  of  atock  in  a  paper  mill  make  it  Impoaalble  to  recom> 
mend  without  reaervation  Ita  adoption  at  thla  time  for  replacement  of  the 
eaparto  type  furnlah  for  H*60  Navy  Filter  Material.  It  ahould  be  made  clear, 
however,  that  there  dlfflcultlea  are  of  a  practical  nature  and  It  la  aaaumed 
that  they  can  be  overcome  with  more  experience  and  proper  proceaaing  equip* 
ment . 


Thua  far  in  attempta  to  cauaticlae  rayon  flock,  treatment  of  the  fiber 
haa  been  carried  'out  in  a  rotary  boiler  and  alao  In  a  atandard  type  paper 
mill  beater.  Both  of  theae  plecea  of  equipment  lack  Important  featurea 
which  would  permit  the  accurate  control  of  time,  temperature,  and  concen* 
tration  of  the  cauaticlalng  action.  The  importance  of  controlling  there 
variablea  la  recogniaed  now  more  than  ever. 

It  waa  atated  in  the  N-9  trial  that  conaldaration  ahould  be  given  to 
the  uae  of  a  hydrapulper  for  cauaticlalng  the  rayon  flock.  The  advantagea 
of  a hydrapulper  for  thla  purpoae  atill  aeem  to  be  unmlatakabla,  ao  ar- 
rangementa  have  been  made  through  a  contract  with  the  Office  of  Naval 
Reaearch  to  purchaae  end  Inatall  In  the  Weat  Groton  mill  of  Hollingawor th 
and  Voae  Company  one  Type  HC  8- foot  Hydrapulper  made  by  the  Dllta  Machine 

I 

NRL  Reporta  C-3172,  C*3225.  C*3226^  C*3229» 
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Works,  Fulton,  New  York.  Because  of  alow  delivery  on  certain  electrical 
equipment,  it  is  expected  that  operation  of  this  machine  will  be  delayed 
for  six  months  or  more. 

In  the  meantime  research  work  and  mill  trials  will  continue  under 
the  current  contract  in  an  effort  to  establish  and  control  the  variables 
more  accurately  and  to  Improve  the  processing  techniques  for  the  manufacture 
of  this  material.  Consideration  will  also  be  given  to  the  possibility  of 
blending  other  fibers  with  the  causticixed  rayon  flock  when  advantages  can 
be  recognised. 

LABORATORY  WORK 

Some  of  the  difficulties  encountered  in  the  manufacture  of  the  caus- 
tlcised  rayon  sheet  undoubtedly  result  from  inadequate  control  of  tempera* 
ture,  concentration,  and  time  in  the  cauatlcislng  treatment.  Over-caua- 
tlcising  results  in  low  yields,  difficult  washing  problems,  and  in  a 
finished  filter  material  having  a  stiff  harsh  feel  with  poor  bending  or 
folding  characteristics  as  well  as  low  filtration  ef flclencjlea.  The  me* 
chanleal  strength  is  usually  high^  but  the  abnormal  shrinkage  on  the 
driers  invariably  leads  to  numerous  breakdowns  of  the  paper  on  the  drying 
cans  and  almost  impose ible  running  conditions.  Vnder*causticislng,  on  the 
other  hand,  leads  to  a  stock  which  shows  higher  yields  and  one  which  is  more 
easily  washed.  However,  the  mechanical  atreng';h  of  the  finished  paper  is 
very  low  and  this  again  results  in  numerous  breakdowns  of  the  paper  on  the 
drying  section  of  he  paper  machine  and  on  the  rewinder.  Although  the  scuff 
resistance  is  pooi  the  filtrstion  efficiency  is  usually  high. 

In  each  of  the  two  cases  of  inadequate  caustieixlng  control  cited 
above,  one  of  the  major  problems  is  that  of  breakdowns  on  the  paper  machine. 
Although  it  can  be  anticipated  that  better  control  can  be  available  with 
installation  of  a  hydrapulper,  the  abnormal  shrinkage  on  the  paper  machine 
will  probably  always  be  a  source  of  annoyance  in  the  manufacture  of  this 
paper  where  the  base  furnish  consists  of  100  percent  caustlcised  rayon 
f lock . 


It  seemed  edvisable  therefore,  to  Investigate  in  the  laboratory  the 
possibility  of  finding  s  long  fiber  compatible  with  the  rest  of  the  furnish 
which  could  be  used  effectively  to  ''dilute”  the  reyon  in  the  furnish  end 
thereby  lessen  the  shrinkage.  It  was  realised  the  outset  that  some 
sacrifice  in  filtering  efficiency  might  have  to  be  made  but  the  other  ad* 
vantages  might  be  importsnt  enough  to  allow  a  slight  decrease  In  efficiency. 

A  review  of  much  of  the  work  done  in  connection  with  the  development 
of  H*60  filter  paper  and  subsequent  research  suggested  the  possible  use  of 
caustlcised  kraft  wood  pulp  (NRL  Reports  C*3235  and  C*3220).  Laboratory 
handsheets  made  with  a  portion  of  the  caustlcised  rayon  replaced  by  caustl- 
clsed  kraft  showed  a  marked  decrease  in  shrinkage  on  drying,  but  the 
resultant  mechanical  strength  was  so  low  that  It  seemed  unwise  to  study 
this  fiber  further. 
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It  waa  bellevefl  that  a  long  fiber  auch  na  rope  fibera  coaifflonly  uaed  in 
paper  manufacturing  would  be  more  auitable  if  they  could  be  rendered  aofter 
and  proceaaed  without  hydration.  Rope  fibera  are  uaed  in  the  preaent  H»60 
furnlab  and  have  alao  been  uaed  in  the  rayon  furniah  of  the  N-7  trial  (NRL 
Report  C-3299).  However,  it  haa  never  been  poaaible  to  employ  more  than 
5*10  percent  rope  in  the  furniah  without  very  aerioualy  impairing  the:  fllter- 
li-g  eftlciency.  In  view  of  the  relative  aucceaa  in  improving  the  performance 
of  other  fibera  by^ a  cauaticialng  treatment,  it  waa  decided  to  Inveatlgate 
the  uae  of  cauaticlaed  rope  fibera. 

It  might  be  argued  that  rope  fibera  like  manila,  aiaal,  and  other  hemp 
fibera  do  not  repreaent  a  domeatlc  aource  of  raw  materlala  for  the  manufacture 
of  this  filter  paper.  Thla  la  true  in  part,  but  it  ahould  be  pointed  out  that 
the  aource  of  thla  raw  material  for  paper  making  la  uaually  in  the  form  of  eld 
rope.  Old  rope  in  the  paat  haa  exiated  in  large  inventoriea  in  thla  country 
for  paper  making  and  it  can  be  aaaumed  that  equally  lar'*e  atock  pilea  will 
exlat  in  the  event  of  another  emergency. 

At  fira't  it  waa  thought  that  it  might  be  poaaible  to  cauatlciae  the 
manila  fibera  in  the  beater  at  the  aame  time  and  along  with  the  rayon-  !Iow- 
ever,  after  making  a  few  handaheeta  from  atock  treated  in  thla  way,  it  waa 
decided  that  the  rope  would  have  to  be  treated  with  a  higher  concentration 
of  cauatic  than  waa  normally  employed  for  the  rayon.  Varloua  concentrations 
of  cauatic  were  tried  for  the  treatment  of  the  manila.  Optimum  reaulta 
aeemed  to  be  realised  at  about  12  percent  cauatic  with  r  aolution* to* fiber 
ratio  juat  sufficient  to  wet  out  the  fibers  thoroughly.  This  varied  from 
5:1  to  8:1  depending  upon  the  type  of  vessel  and  agitation  that  waa  available. 
Little  effect  was  observed  by  varying  time,  temperature,  and  caustic  ratiu 
ever  the  range  normally  encountered  in  mill  practice.  When  caustic  solutiona 
of  leas  than  12  percent  were  used,  the  fiber  waa  ..ol-  judged  \^o  be  as  suitable. 
Concentrations  greater  than  12  percent  did  no*^  seem  to  improve  the  performance. 

Although  there  waa  not  enough  time  to  investigate  completely  all  vari* 
ables  in  the  cauaticialng  treatment  of  manila  fibers,  the  preliminary  liivestl-- 
gatlon  indicated  that  reproducible  results  could  be  obtained.  It  was  therefore 
decided  to  make  up  a  series  of  handaheeta  in  which  varying  proportions  of 
causticlsed  rayon  would  be  replaced  by  cauaticlaed  manila. 

Old  manila  rope  which  had  previously  been  cooked  in  the  rotary  boiler 
for  normal  preparation  into  paperraaklng  fibers  waa  used  throughout  this  in¬ 
vestigation.  The  fibers  were  in  pulp  form  having  been  washed  and  deflbered 
in  the  beater.  This  pulp  was  treated  with  a  12  percent  caustic  solution  at 
65*^F  in  the  ratio  of  about  7  parts  solution  to  1  part  dry  fiber.  After  10 
minutes,  the  fibera  were  washed  on  a  screen  until  free  from  caustic.  The 
viscose  was  cauaticlaed  with  a  7.5  percent  solution  at  65°F  in  a  Waring 
Btandor  for  5  seconds  after  which  it  waa  quenched  and  washed.  A  stock  solu¬ 
tion  of  deflbered  Blue  Bolivian  asbestos  was  prepared  in  the  normal  way. 

From  these  prepared  fibers,  handaheeta  were  made  In  which  the  rope- 
viscose  ratio  waa  varied  over  a  wide  range.  Table  X  shows  the  performance 
charauteristicM  of  these  handaheeta. 
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TABLE  I 


^f_fec^^fFur^^hCom£0£it  ion  on  Performance  of  Handaheeta 


Furnish 

Asbestos 
(wt  %) 

Resistance 
(mm  H2O) 

OOP 

Penetration 

(») 

Efficiency 

(») 

Rope 
(wt  %) 

Viacose 
(wt  *) 

0 

100 

28 

214 

.010 

3.23 

25 

75 

28 

108 

.025 

3.35 

25 

75 

28 

.026 

3.29 

50 

50 

25 

101 

.044 

3.33 

SO 

SO 

28 

109 

.023 

3.34 

SO 

50 

28 

113 

.026 

3.18 

SO 

50 

28 

113 

.023 

3,22 

SO 

50 

28 

iOl 

.035 

3.43 

75 

25 

28 

108 

.028 

3.29 

75 

25 

28 

118 

.024 

3.08 

75 

25 

28 

120 

.018 

3.12 

100 

0 

28 

124 

.030 

2.85 

The  efficiency  of  the  aheet  decreaaea  aa  the  rope  content  of  the 
furniah  reachea  100  percent.  On  drying  these  handaheeta  it  waa  obaerved 
that  ahrinkage  decreased  markedly  for  furnishes  containing  25  percent  and 
more  cauaticiaed  rope. 


Break  Testa 

From  Table  II,  ahowing  the  effect  of  DCP  expoaure  on  amoke  penetration, 
it  appeara  that  the  aanplea  exhibited  very  good  reaiatance  to  "break’.’ 


TABLE  ZI 


Effect  of  DM*  Expoaure  on  Perfornanee  of  Sanpla  Handaheeta 


Furniah 

Asbestos 
(wt  X) 

- ?>ro  Rmn«iir> 

2*eiin  Rnsotui  # 

S-min  Bax>sure 

DOP 

Rea  Pen 

(on  H^)  (X) 

DCP 

Res  Pen 

(mn  H^)  (X) 

E<P 

Res  Pen 

Om  Bp)  (X) 

Rope  Viscose 
(wt  *)  (wt  X) 

0  100 

28 

125  .009 

126  .009 

125  .010 

25  75 

28 

12  2  922 

123  .018 

125  .016 

75  25 

28 

122  .020 

122  .022 

123  .022 

100  0 

28 

124  .032 

125  .032 

126  .030 
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Performance  vs  Flew  Rate 

Table  III  la  a  summary  of  performance  at  various  flow  rates.  It  is 
evident  that  there  was  good  asbostos  distribution  in  the  sheets,  and  that 
there  was  no  evidence  of  "pin-holes.*' 


TABLE  III 


Performance  vs  Flow  Rate  of  Sample  Handsheets 


Furni sh 

Asbestos 
(wt  *) 

Flow  Rate 

(1/m) 

Resistance 
(mm  H^O) 

DOP 

Penetration 

(») 

Rope 
(wt  %) 

Viscose 
(wt  %) 

0 

100 

28 

85 

124 

.009 

42Vi 

62 

.003 

21M 

31 

.004 

25 

75 

28 

85 

112 

.022 

42M  ! 

56 

.020 

21K 

28 

.010 

50 

SO 

28 

85 

110 

.027 

42Vi 

55 

.026 

21V( 

27.5 

.014 

75 

25 

28 

85 

116 

.026 

42K 

58 

.028 

21K 

29 

.016 

100 

0 

28 

85 

124 

.028 

42H 

62 

.030 

2\% 

31 

.018 

Physical  Testa 

Table  IV  records  typical  physical  data  of  sample  handsheets.  It  ap¬ 
pears  that  there  is  no  appreciable  difference  in  the  tensile  strengths  of 
the  filters  made  with  various  percentages  of  rope  content.  These  hand- 
sheets  were  not  wet  pressed,  hence  the  tenslles  are  lower  than  those  which 
might  be  expected  on  machine-made  paper. 

DISCUSSION  OF  CAUSTICIZATION  CONTROL 

One  of  the  most  Important  considerations  Involved  in  this  mill  trial 
was  the  effect  of  concentration  and  temperature  when  causticiting  viscose. 

When  making  up  the  caustic  in  the  mill,  a  50  percent  sodium  hydroxide 
solution  is  used.  This  caustic  soda  is  added  to  less  than  the  actual  amount 
of  water  in  Che  beater  needed  for  the  desired  concentration.  Then  water  is 
added  to  dilute  the  solution  to  the  exact  percentage  wanted.  During  the 
addition  of  the  caustic,  the  temperature  rises  anywhere  between  15°  and  20°F, 
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TABLE  IV 


Physical  Properties  of  Sample  Ilandsheets 


Furnish 

i 

Phys 

lical  Data 

Rope 

Viscose 

Asbestos 

Caliper  1 

Tensile 

(wt  %) 

(wt  %) 

1 

(wt  *) 

j  (ini  1 

(i^Vinch  width) 

0 

100 

28 

1.80 

25 

75 

28 

2.00 

25 

75 

28 

2.25 

50 

50 

25 

.045 

1.60 

50 

50 

28 

.043 

1.70 

50 

50 

28 

.042 

1. 75 

50 

50 

28 

.042 

1. 50 

50 

50 

28 

.043 

1.40 

75 

25 

28 

.043 

1.60 

75 

25 

28 

.043 

1.70 

75 

25 

28 

.045 

1.  50 

100 

0 

28 

.046 

1.60 

In  former  mill  trials  this  temperature  rise  was  not  appreciated  to  the  ful* 
leat  extent,  partly  due  to  the  low  temperature  of  the  river  water  during 
cold  months.  The  operating  conditions  of  former  trials  did  not  exceed  a 
temperature  of  6S°F<  It  was  known  that  the  water  temperature  during  this 
mill  trial  would  be  about  60°*65°F  at  the  start.  With  caustic  added  to 
this,  the  final  make>up  solution  in  the  beater  would  have  a  temperature  be* 
tween  75*80°F,  This  would  result  in  an  operating  temperature  higher  than 
any  previous  mill  run. 

This  problem  was  studied  in  the  laboratory.  Several  caustic  solutions 
of  various  concentrations  were  made  up.  At  each  of  the  concentrations,  vis* 
cose  was  caustlclxed  at  several  temperatures.  At  the  same  time,  a  convenient 
stock  hydrometer  was  calibrated  for  each  concentration  and  temperature.  Rayon 
flock  was  then  caustlclxed  under  each  of  the  chosen  conditions  and  handsheets 
were  made  up  from  the  treated  fibers. 

An  attempt  was  made  to  choose  the  best  handsheets  representing  the 
optimum  caustic  concentration  at  each  temperature.  Temperatures  ranged  from 
6S°F  to  85®F.  At  temperatures  of  80®F  and  higher,  small  charges  (W-M%)  in 
caustic  concentration  had  little  effect  on  performance  of  the  handsheets.  It 
should  also  be  mentioned  that  at  temperatures  higher  than  SO^F,  this  pre¬ 
liminary  study  Indicated  that  strength  characteristics  were  sacrificed.  How¬ 
ever,  more  laboratory  work  will  be  required  to  establish  this  observation. 

Data  representing  the  above  studies  were  tabulated  and  graphed  for 
quick  reference  during  the  mill  trial.  For  any  temperature  between  eS^’F  and 
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80**F  there  appeared  to  be  an  optimun  eauatic  concentration,  although  the 
phyaicul  atrengtha  of  handaheeta  appesred  to  deereaae  aomewhat  aa  the 
temperature  increaaed.  At  temperaturea  above  80^F,  the  data  ahoulc}  be 
repeated. 

THE  MILL  RUN 

Furnlah 

On  the  baaia  of  the  above  information,  it  waa  decided  to  make  a  mill 
run  uaing  the  following  furniah: 

SOX  Cauaticiaed  rope  (Manila) 

SOX  Cauaticiaed  rayon  flock 
7S  parte  of  1.5  denier-l/S"  long 
25  parta  of  1.5  danler'l/A*  long 

To  thia  would  be  added  approximately  25  percent  Blue  Bolivian  aabeatoa 
on  the  weight  of  the  baae  furnlah.  The  choice  of  50=  percent  cauaticiaed  rope 
waa  arbitrary. 

Preparation  of  Stock  for  Mill  Trial 

The  beater  waa  furniahed  with  125  pounda  of  Blue  Bolivian  aabaatoa  and 
beaten  hard  for  approximately  30  miniitea  until  it  waa  well  deflbered.  Thia 
aabeatoa  waa  then  dropped  into  the  beater  cheat  where  it  arould  later  be  mixed 
with  the  re&t  of  the  furniah.  Another  25  pounda  of  aabaatoa  waa  llkewiae 
prepared  uad  pumped  to  the  auxiliary  cheat  for  bleeding  in  at  the  head  box 
aa  required. 

It  waa  anticipated  that  the  operating  temperature  for  cauaticiaing  the 
rayon  flock  would  be  approximately  BO'^F.  On  the  baaia  of  previoua  laboratory 
atudiea,  it  waa  decided  to  uae  an  8.25  percent  aolution  of  cauatlc  in  the 
beater,  however,  due  to  an  overaight,  the  final  concentration  actually  uaad 
waa  approximately  8.0= percent.  To  the  cauatic  in  the  beater  waa  added  525 
pounda  of  rayon  flock  (75  parta  1.5  denier  -  1/8  in. long;  25  parta  1.5 
denier  •  1/4  in. long),  the  beater  roll  being  in  the  raiaed  poaitlon 'during 
the  entire  operation.  The  conaiatency  waa  about  4  percent.  The  atook  waa 
circulated  and  aamplea  were  taken  periodically.  At  the  and  of  20  minutaa 
the  cauaticiaing^  action  waa  judged  to  be  complete,  although  the  fibera  were 
alightly  under-cauatieixed. 

The  beater  waa  then  dumped  into  a  cheat  containing  three  timea  the 
beater  volume  of  water.  After  thia  quenching  the  atock  waa  pumped  over  the 
Fourdrinier  machine  and  removed  aa  wet- lap  which  waa  then  returned  to  the 
beater  for  final  waahing.  After  1-1/4  houra  of  waahing  with  warm  water, 
the  pH  waa  lowered  to  7.8.  The  yield  waa  360  pounda  or  68.5  percent. 

(It  la  intereating  to  note  that  thia  yield  la  higher  than  normal  and  la 
probably  due  to  the  leaaer  degree  of  cauatlclxatlon  at  the  higher  temperature.) 
Thia  atock  waa  then  dropped  to  the  beater  cheat  containing  the  previoualy  pre¬ 
pared  aabeatoa  and  allowed  to  circulate  while  about  300  pounda  of  cauaticiaed 
rope  waa  furniahed  to  the  beater. 


SECRET 


20 


c 


SECRET 


The  rope  stock  used  in  this  silll  run  wss  processed  previous  to  ti>e 
time  of  the  trial.  The  rope  was  first  subiected  to  abnormal”  caustic  cook 
in  a  rotary  boiler  using  a  7  percent  NaOH  solution  In  the  ratio  of  8  parts 
by  weight  of  solution  to  1  psrt  by  weight  of  the  dry  fiber.  The  contents  of 
the  boiler  was  cooked  at  40  pounds  steam  pressure  for  a  parlod  of  8  hours. 
The  cooked  stock  was  then  washed  In  a  beater  and  pumped  to  the  drainers.  It 
was  then  returned  to  the  boiler  and  cauatlcised  at  room  temperature  with  a 
12  percent  caustic  solution  for  1  hour.  Then  the  weight  ratio  between 
caustic  solution  and  dry  fiber  was  7  to  1.  The  treated  rope  was  washed 
again  In  the  beater  and  pumped  te  the  drainers.  On  the  day  of  the  mill 
trial  this  rope  stock  was  defibered  In  the  beater  and  dropped  into  the 
beater  chest  to  be  thoroughly  mixed  with  the  viscose  and  asbestos.  The 
quantity  of  cauatlcised  rope  fiber  used  was  about  300  pounds. 

Manufacturing  Data 

With  all  the  constituents  of  the  paper  furnish  in  the  beater  chest, 
the  resulting  furnish  consists  of: 

360  lb  Cauatlcised  viscose  55% 

30C  lb  Cauatlcised  rope  45% 

660  100% 


Added  to  this  was  125  pounds  Blue  Bolivian  asbestos. 

The  stock  was  sent  through  a  Jordan  under  pressure  with  the  plug 
backed  off  to  obtain  thorough  mixing  and  was  sent  to  the  machine  to  be  made 
into  paper.  Approximately  4  percent  extra  asbestos  was  added  to  the  stock 
from  the  auxiliary  asbestos  feed  line  as  the  stock  was  fed  to  the  machine. 

The  calencifer  stack  was  set  up  so  that  one  light  roll  could  be  used  to 
soften  up  the  sheet.  No  difficulty  was  experienced  in  the  formation  and 
handling  of  this  paper  over  the  machine  once  the  machine  was  set  up. 

Performsnce  of  the  Paper 

Average  values  of  physical  propertiss  of  this  paper  are  recorded  below. 
The  tensile  is  somewhat  low  but  allowance  should  be  made  for  possible  error 
in  these  low  ranges  of  tensile  strength. 

Caliper  -•-••-----0.038  in. 

Ream  Weight  ----- —  138  lb 
Tensile  ( length) ---1 . 0  lb 
Moisture  --  --------3.8% 

A  summary  of  the  smoke  filtration  performance  of  the  paper  is  shown  in 
Table  V. 


The  Jordan  plug  was  set  up  Intentionally. during  the  middle  of  the 
trial  in  an  attempt  to  Increase  the  tensile  strength.  However,  it  can  be 
seen  from  Table  V  that  the  efficiency  was  materially  reduced.  Of  the  paper 
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TABLE  V 


Performance  Data  of  Samplea  Taken  Directly  from  Paper  Machine 


Sample 

Reaiatance 
(mm  H^O) 

DOP 

Penetration 

(*) 

Efficiency 

(.%) 

Remarka 

■v  n-.'l- 

1 

103 

.046 

3.  23 

Adding  aabeatoa 

No  Jordan 

2 

115 

.020 

3.  21 

3 

110 

.024 

3.  29 

4 

140 

.010 

3. 14 

Set  up  Jordan 

5 

138 

.013 

2.82 

6 

145 

.009 

2.79 

a 

7 

112 

.070 

2.81 

Slight  Jordan 

8 

108 

.075 

2.89 

9 

104 

.084 

2.96 

10 

125 

.012 

3.13 

Jordan  off 

More  aabeatoa 

11 

138 

.004 

3.  19 

12 

117 

.014 

3.  29 

13 

120 

.013 

3.24 

14 

116 

.016 

3.  27 

' 

15 

110 

.026 

3.25 

made  with  the  Jordan  plug  out,  the  effielenclai  check  eleaely  with  thoie 
obtained  on  laboratory  handaheeta  made  with  the  eaae  furnlah. 

Effect  of  DOP  Expoaure 

Table  VI  ahowa  the  effect  of  DOP  expoaure  on  amoke  penetration.  The 
rate  of  "break"  waa  higher  than  that  obaerved  on  almllar  handaheeta  but  la 
regarded  to  be  aatiafactory  for  a  paper  containing  aa  much  aa  50  percent 
cauaticlaed  rope. 


TABLE  VI 

Effect  of  DOP  Expoaure  on  Performance  of  N«I0  Trial  Sample 


DOP 

Time 

Reaiatance 

Penetration 

(min) 

(mm  HjO) 

(») 

0 

115 

.020 

9 

121 

.035 
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Perfornanc*  v>  Flow  Rata 

Following  la  a  aummary  of  parforoanca  va  flow  rata  for  thla  papar. 


TABLE  VII 

Parformanca  va  Flew  Rata  of  N-XO  Trial  Saaplea 


Flow  Rata 

<l/m) 

Raaiatanca 
(mm  H^O) 

DOP 

Penetration 

(») 

85 

110 

.024 

- 

42M 

55 

.017 

aiw 

28 

.009 

Tha  abova  data  ahow  a  normal  dacraaaa  in  panatravion  with  flow  rata  which 
indicataa  that  good  formation)  that  ia,  good  aabaatoa  dlatrlbutlon  and  no  pln- 
holaa*  wara  raaliaad  in  thia  papar. 

Effact  of  Aging 

Whenavar  poaaibla,  samplaa  of  mill  trial  flltar  material  are  reteated 
aavaral  waaka  after  manufacture  to  aaa  if  any  relaxation  occura  on  atorage. 

In  tha  paat,  aoma  aamplaa  have  bean  obaarvad  which  ahow  a  lower  air  raaiat* 
anca  and  higher  amoka  penetration  on  atanding.  Table  VIII  ahowa  tha  per« 
formanoa  of  tha  N«10  papar  at  tha  time  of  manufacture  and  two  waaka  later. 
There  ia  no  evidence  that  thla  papar  ralaxaa  on  atanding  for  two  waaka. 

TABLE  VIII 


Enaot_o^  Aging  on  Parformanca  of  N«10  Trial  Sample 


■HUP 

liliH 

Two  week 

a  latar 

Samp*  a 

DOP 

Penetration 

(%) 

Raaiatanca 
(mm  HqO) 

DOP 

Penetration 

(») 

Raaiatance 
(mm  HgP) 

1 

MBM 

■H 

.075 

105 

2 

HEBHI 

.055 

101 

DISCUSSION 


Pending  the  Inatallatlon  of  a  hydrapulper.  work  war  continued  on  tha 
beater  proceaa  for  cauaticlalng  rayon  flick.  The  temperature  of  the  proceaa 
water  haa  riaan  aharply  ainca  tha  laat  mill  trial  in  the  apring.  An  effort 
waa  made  to  companaata  for  the  higher  temperature  by  increaaing  the  caustic  concen* 
tratlon)  but  preliminary  atudiaa  indicate  that  aoma  aaerifica  in  physical 
atrangth  of  tha  finlahad  material  ia  to  be  axpaetad. 
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A  more  Important  object  of  the  present  work  was  to  study  the  effect  of 
blending  caustlcised  rope  fibers  with  the  causticised  rayon.  The  object 
was  twofold.  In  the  first  place,  it  was  hoped  that  the  abnormal  shrinkage 
of  the  causticised  rayon  on  'Irying  would  be  reduced  to  a  point  where  it 
would  be  leas  troublesome  on  the  paper  machine.  In  the  second  place,  it 
was  hoped  that  the  long  rope  fibers  would  add  to  the  mechanical  strength 
of  the  finished  paper  .  ^ 

Using  50  percent  causticised  rope  fibers  and  50  percent  causticised 
rayon  flock  for  the  base  furnish,  the  shrinkage  over  the  dryers  was  material* 
ly  reduced.  The  total  shrinkage  was  very  little  greater  than  that  of  ordi¬ 
nary  paper  making  fibers  and  no  difficulty  whatsoever  was  experienced  in 
drying  the  N-IO  paper.  It  is  possible  that  half  as  much  causticised  rope 
would  be  adequate  to  control  the  shrinkage. 

It  is  more  difficult  to  evaluate  properly  the  mechanical  strength  of 
the  N-10  paper.  Whereas  the  tensile  strength  In  the  machine  direction  did 
not  exceed  one  pound  per  inch  width,  the  paper  handled  much  more  satis¬ 
factory  on  the  paper  machine  and  rewinder  than  other  almilar  papers  having 
higher  tensile  strengths.  Perhaps  this  is  due  to  the  long  rope  fibers 
which  contributed  some  degree  of  stretch  to  the  paper.  The  paper  showed 
■verage  scuff  resistance,  but  the  folding  characteristics  were  excellent. 

The  average  efficiency  of  the  N-10  paper  made  from  unjordaned  stock 
was  over  3.25  percent.  Although  previous  reports  on  rayon-type  papers  have 
shown  efficiencies  as  high  as  4.00  percent,  them  is  reason  to  doubt  that 
this  high  efficiency  could  be  realised  on  100  percent  rayon  furnish  causti¬ 
cised  under  the  present  conditions  of  temperature.  With  this  fact  taken 
into  consideration,  it  is  considered  significant  that  causticised  rope  can 
be  substituted  for  up  to  50  percent  of  the  causticised  rayon  with  no  more 
sacrifice  in  efficiency  than  indicated. 

It  should  be  pointed  out  again  that  the  choice  of  using  as  much  as 
SO  percent  causticised  rope  fibers  was  arbitrary.  No  doubt  a  lesser  amount 
(like  25  perce.nt)  would  aid  considerably  in  controlling  the  ahtinkage  on 
the  paper  machine  and  would  also  Improve  the  handling  and  folding  proper¬ 
ties. 


Further  work  with  this  mixed  fiber  furnish  is  suggested.  Also, 
further  work  will  be  necessary  to  study  more  completely  the  rayon  eaustlci- 
slng  treatment  in  the  range  of  80®F  if  this  type  paper  is  to  be  made  during 
the  summer  months. 
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